The prevalence and molecular characteristics of community-associated methicillin-resistant Staphylococcus aureus (CA-MRSA) and methicillin-susceptible S. aureus (CA-MSSA) from children with skin infection were investigated by staphylocoagulase (SC) typing, multilocus sequence typing (MLST), SCCmec typing and virulent toxins, including Panton-Valentine leucocidin (PVL), and exfoliative toxins (ET). Among 69 cases of CA-S. aureus for a 3 month period from March to June, 2014 at hospital in Busan, 28 (40.6%) were MRSA and 41 (59.4%) were MSSA. Of the 28 CA-MRSA isolates, two major clones were identified as SC type Vb-ST72-SCCmec type IV (53.6%) and SC type l-ST89-SCCmec type II variant (42.8%), and the remaining one (3.6%) was SC type lll-ST8-SCCmec type IV. In CA-MSSA, the prevalent clone was SC type Vb-ST72 (29.3%), followed by SC type Vb-ST188 (21.9%), SC type Va-ST121 (19.5%) and SC type lV-ST30 (9.6%). None was positive for PVL gene, and all of the SC type l-ST89-SCCmec type II variant clones were ETB gene positive. The data suggest that there are significant clonal relatedness with specific SC types, and genetic diversities in both community strains isolated from children with skin infections.
INTRODUCTION
Staphylococcus aureus is a major human pathogens and causative agent of skin and soft tissue infections and invasive disease with high rates of morbidity and mortality (1~3). Resistance of staphylococci to several antimicrobial agents contributes to their ability to survive in the hospital environment and to spread among patients and community.
Methicillin-resistant Staphylococcus aureus (MRSA) infections were first detected in hospitals (healthcare associated, HA-MRSA) (4) . However, in recent year the emergence of community-associated methicillin-resistant S. aureus (CA-MRSA) infections involving children without health careassociated risk factors has been a serious public health problems (5, 6) . Resistance to methicillin and other β-lactam antibiotics is caused by the mecA gene, which is situated on a mobile genetic element, staphylococcal cassette chromosome mec (SCCmec) (1, 7, 8) . CA-MRSA strains are characterized by the predominance of SCCmec type IV or V, the lack of multi-drug resistance, and often associated with Panton-Valentine leucocidin (PVL) toxin. In addition, Various molecular typing methods have been developed to investigate the spread and evolution of pathogenic organisms.
Multilocus sequence typing (MLST) (2, 12, 13) and SCCmec typing (7, 8) are widely used to identify molecular epidemiological characteristics among S. aureus isolates. In addition, staphylocoagulase (SC) serotyping have been used as an epidemiological marker (14~16).
The production of coagulase causing the plasma coagulation is one of the important characteristics of S. aureus.
Staphylocoagulase has been classified into 10 serotypes based on the differences in antigenicity by inhibition assay using type-specific antibodies against each type of SC proteins (16) . The SC genes (coa) were composed of six fundamental segments: signal sequence at N-terminal, D1 region, D2 region, central region, 27 amino acid repeat region and C-terminal sequence of 5 amino acids. Comparison of nucleotide sequences of coa of 10 serotypes showed D1 and D2 regions were more diverse than those of other regions (16) . We reported the distribution and phenotypic changes of SC serotypes in S. aureus isolates from clinical sources and nasal cavities of healthy persons, 1994~2005 (17) . On the data, serotype V was rapidly increased in both MRSA and MSSA strains, and phenotypic changes of SC in Korean strains were confirmed. Recently, SC genotypes based in the differences among the regions of SC gene, and the genetic diversity of SC and relatedness to chromosome types was reported (18, 19) . However, there are few data on genotypic variation of SC, and relatedness to clonal complex defined by MLST in community associated S. aureus.
In this study, we investigated the SC types, MLST, 
DNA preparation
Genomic DNA was extracted from each isolate using the AccuPrep DNA Extraction kit (Bioneer, Daejeon, Korea) according to the manufacturer's protocol. MRSA isolates were initially identified using oxacillin resistance and confirmed for the presence of the mecA gene by PCR as described previously (21) .
Staphylocoagulase (SC) typing
The SC genotypes were determined by the multiplexPCRs (M-PCRs) assay consisting of specific primers identifying type l to X, and V subtypes, a and b, as described by 
Multilocus sequence typing (MLST)
MLST is based on sequence analysis of PCR products from seven S. aureus housekeeping genes, that is, arcC, aroE, glpF, gmk, pta, tpi, and yquiL. DNA from each isolate was amplified by PCR in a 20 μl reaction volume for the each of the seven MLST loci by using the primers and protocols as described previously (13) . Each locus was subsequently sequenced using the Applied Biosystem 3730 sequencer with the BigDye Terminator cycle sequencing kit v3.1 (Applied Biosystems, Foster City, CA, USA). Allele numbers were assigned using the MLST website (http:// www.mlst.net) and sequence types (STs) were determined using a browsable database (http://saueus.mlst.net/).
SCCmec typing
SCCmec types of MRSA isolates were determined by using a multiplex PCR strategy as proposed by Olveira and de Lencastre (7). SCCmec elements were distinguished by the combination of ccr type and mecA complexes, which generates a specific amplification pattern for SCCmec types I to V.
Detection of toxin genes
All of the S. aureus isolates were screened for PVL genes (pvl) and exfoliative toxin genes (eta and etb) by PCR with primers as previously described (22, 23) .
RESULTS

Clinical characteristics of S. aureus
From and SC type lll-ST8-SCCmec type IV (n=1, 3.6%). All the strains were negative for PVL gene. However ETB toxin, which was absent in MSSA, was variously found in up to 14 (7.1% to 100%) of these 28 strains (Table 2 ).
Molecular characteristics of CA-MSSA
The 41 CA-MSSA isolates were classified into 5 SC types and 7 ST types. The most prevalent SC genotype was type Vb (51.2%) and Va (19.5%), followed by lV (14.6%), Vll (7.3%) and Vlll (7.3%), which were not identified in MRSA strains ( 
Antimicrobial susceptibilities
Antimicrobial resistance rates of the CA-MRSA and CA-MSSA isolates according to sequence types are summarized in Table 4 . Among CA-MRSA isolates, ST89 clone showed high rates of resistance to clindamycin, erythromycin, genta- However, to our knowledge, there are no data for clonal relationship with genotypic variation of SC between CA-MRSA and MSSA strains isolated from type specific origins, skin infections (e.g., impetigo, staphylococcal scalded skin syndrome (SSSS), atopic dermatitis). SC serotyping has been applied to epidemiological study of S. aureus isolates in Japan and Korea. Our previous study showed that the predominant SC serotypes in MRSA were type ll and lV, which were consistent with ST5 and ST239, respectively, and SC serotype V which was mainly corresponding to ST72 clone, was rapidly increased in both MRSA and MSSA (17) . Furthermore, the significant relationship among SCCmec types, prevalence of superantigenic toxin genes, and SC serotypes in MRSA and MSSA isolates was confirmed (30, 31 reported that the diversity of SC caused by the recombination events between different coa allele and may be a key strategy for S. aureus to adapt to host immunity (19) . In this study, we confirmed that most of all strains belonging to same SC type had the same ST clone defined by MLST, and the particular SC type and ST are associated with types of diseases, e.g., skin infection.
PVL is a virulence factor associated with community onset staphylococcal skin infections and necrotizing pneumonia in the USA and Europe (26) . The PVL genes were more strongly associated with furuncles and cellulitis (34) .
In this study, PVL genes were not found in any of the isolates, which result was similar to those observed in other Korean studies. Exfoliative toxin (ET) causes blisters in bullous impetigo and SSSS, and three serotypes, ETA, ETB, and ETD, are linked to human skin infection (22) . In Europe, USA, and Africa, ETA-positive strains are prevalent, whereas, in Japan, ETB-positive strains are prevalent and primarily in MRSA strains (33) . Our data in this study showed the ETB gene was found primarily in MRSA, especially SC type l-ST89 strains which were associated with types of skin infection. Otherwise, ETA gene was found in MSSA, which data were coincident with Japanese data (35) . 
